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a b s t r a c t

The metaphor that individuals with episodic amnesia due to hippocampal damage are “stuck in time”
persists in science, philosophy, and everyday life despite mounting evidence that episodic amnesia can
spare many central aspects of temporal consciousness. Here we describe some of this evidence, focusing
specifically on KC, one of the most thoroughly documented and severe cases of episodic amnesia on
record. KC understands the concept of time, knows that it passes, and can orient himself with respect to
his personal past and future. He expresses typical attitudes toward his past and future, and he is able to
make future-regarding decisions. Theories claiming that the hippocampus plays an essential role in
temporal consciousness need to be revised in light of these findings.

& 2014 Elsevier Ltd. All rights reserved.
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1. Introduction

The idea that episodic memory is required for temporal conscious-
ness is common in science (Dalla Barba & La Corte, 2013; Tulving,
1985; Suddendorf & Corballis, 2007), philosophy (Hoerl, 1999; Singer,
2011), fiction (Nolan, 2000), and everyday life (Hilts, 1996). Related
ideas follow naturally: that individuals with episodic amnesia are lost
mariners (Sacks, 1970), stuck in time (Roberts, 2002), in a “permanent

present tense” (Corkin, 2013) or “lost in a non-time, a sort of
instantaneous present” (La Corte et al., 2011, p. 314).

Yet recent evidence suggests that people with episodic amnesia
are not stuck in time. Episodic memory and future thought are
dissociable from semantic knowledge of time, attitudes about
time, and consideration of future consequences in decision-
making. These findings illustrate how little is known about the
sense of time in episodic amnesia and suggest that the human
sense of time is likely not one thing, but many things.

2. Temporal consciousness and semantic drift

People with extensive hippocampal damage have deficits in
remembering past personal experiences (Tulving, 1983; Rosenbaum
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et al., 2005) and imagining future states of the self (Klein et al.,
2002; Kwan et al., 2013; Race, Keane, & Verfaellie 2011; Maguire et
al., 2010). Yet it is a stretch from this finding to the claim that
amnesics are stuck in time or lack “temporal consciousness”.

Dalla Barba and La Corte, for example, justify this leap on the
basis of a conversation between Endel Tulving (ET) and KC, who
suffered extensive brain damage in a motorcycle accident and has
become the definitive case of episodic amnesia. KC's brain damage
includes substantial volume loss in the hippocampus and the
parahippocampal gyrus bilaterally, as well as several regions
outside of the medial temporal lobe known to play a role in
memory. The conversation about time is as follows:

ET: Let's try the question again about the future. What will you
be doing tomorrow? [15 second pause.]
KC: I don't know
ET: Do you remember the question?
KC: About what I’ll be doing tomorrow?
ET: Yes. How would you describe your state of mind when you
try to think about it?
KC [five second pause] Blank, I guess (Tulving, 1985, p. 4)

Asked to explain this remark, KC says, “It's like being in a room
with nothing there and having a guy tell you to go find a chair, and
there's nothing there,” or, “It's like swimming in the middle of a
lake. There's nothing there to hold you up or do anything with”
(Tulving, 1985, p. 4). These remarks are taken to justify the claim
that KC and other episodic amnesics lack temporal consciousness
(Dalla Barba & La Corte, 2013) and so are trapped in a permanent
present (Corkin, 2013). Their life is a “Humean froth,” a “fluttering
on the surface” (Sacks, 1970). In this respect, they are like rats and
young children (Roberts, 2002).

If temporal consciousness is defined simply as the ability to
remember past personal experiences and to episodically imagine
future personal experiences, then KC lacks temporal conscious-
ness. Yet the meaning of the term “temporal consciousness”
invites semantic drift; the definition of the term creeps away from
its original meaning and, without our awareness, comes to denote
a far more encompassing set of cognitive faculties. Dalla Barba and
La Corte, for example, initially defined temporal consciousness as
“awareness of one's own past, present, and future” (La Corte et al.,
2011) and now describe it as, specifically, “a form of consciousness
that allows individuals to remember their personal past, to be
oriented in their present world, and to predict their personal
futures” [Dalla Barba & La Corte, 2013]. Temporal consciousness so
defined comprises many cognitive faculties, including many that

are preserved in people with severe deficits in episodic memory
and future thought. Because KC has such a complete deficit in
episodic memory and future construction, he presents a unique
opportunity to assess which aspects of the human sense of time
can be preserved even when the memory systems of the medial
temporal lobes are severely compromised.

3. Semantic knowledge of time

The above conversation between Tulving and KC is not a full
accounting of KC's temporal competence. Although he has an
anterograde semantic deficit, his retrograde semantic memories,
including autobiographical details, are intact (Tulving, 1985;
Rosenbaum et al., 2005; Westmacott et al., 2001). He knows when
he was born, that he went to high school and graduated, and that
he visited New Orleans during college. He knows that his brother
once lived and now is deceased. In this respect, KC is like
other individuals with episodic amnesia who selectively retain
semantic but not episodic elements of autobiographical memory
(Klein & Nichols, 2012; Van der Linden et al., 1996). Importantly,
KC can correctly order these and other notable personal life
events on a timeline, though he tends to compress their distance
from the present (see Fig. 1). This compression is perhaps
explained by the fact that KC consistently underestimates his age
by approximately 10 years (Corkin, 2013, Rosenbaum et al., 2005).
Nevertheless, KC consciously understands time as a series of
events ordered earlier or later than one another, irrespective of
any reference to the present. That is, KC understands the B-series
(McTaggart, 1908; see Fig. 1), and he knows his life is ordered and
located in a B-series.

KC also understands the A-series (contra Hoerl, 1999; but see
McCormack, 1999). In the A-series, future events come to pass and
then recede, never to return, into the mists of history. Time flows
forward; the future cannot affect the past. Consider a recent conversa-
tion with KC:2

SR: What is the future?
KC: Events that haven't happened yet.
SR: What is the past?
KC: Events that have already happened.
SR: Can you change the past?
KC: No.
SR: Can you change the future?
KC: Yes
SR: How?
KC: By doing different things.
SR: Does what happened in the past influence what happens in
the future?
KC: Yes.
SR: Does what you do now influence what happens in the
future?
KC: I guess so.
SR: Does what you do now change what has happened in
the past?
KC: No.
SR: Can something that happens in the future change what has
happened in the past?
KC: No.
SR: If an event is in the future, will it always be in the future?
KC: No.
SR: Why?

Fig. 1. Two concepts of time: the A-series (time flows; events in the future become
present and then past) and the B-series (time as series of events arranged earlier or
later than one another).

2 Questions in the battery were devised by Carl Craver and Ben Graham and
overlap with questions administered to the amnesic subject, D.B., by Klein
(personal communication; see Klein, 2013). SR designates R. Shayna Rosenbaum.
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KC: Because time moves on.
SR: Once an event is in the past, will it always stay in the past?
KC: Yes.
SR: Suppose that someone commits murder. Is it possible for
them to undo what they did at some future time?
KC: No.
SR: Have you ever read a story about time travel? Can you say
what it means to travel in time?
KC: Hmmm… take a body and move it to a previous era.

KC consciously understands the past, present and future, is
aware of the fact that he has a past, present, and future, and
appreciates the implications of an event's being in the past,
present or future (such as the temporal asymmetry of causation
and the irrevocability of the past). If KC is trapped in the present,
he is trapped there with an awareness of his past, present and
future, that is, with temporal consciousness.

4. Attitudes about time

Of course, KC might talk as if he understands time without fully
appreciating its significance, just as congenitally blind individuals
competently use visual metaphors (Bedny et al., 2011). Human life
is distinctively colored by our appreciation that the past is
irrevocable, our days are numbered, and now is sometimes, but
not always, the time to act. One might predict that individuals
with deficits in episodic memory and future thought would be
hedonistic. If the consequences of one's actions are invisible or
irrelevant, one's choices should be stimulus bound (Suddendorf &
Corballis, 2007). Perhaps, alternatively, such a person should be
fatalistic; their future is dead, “blank,” no matter what they do.

KC's personality indeed changed after his motorcycle accident.
Before the accident, he was a bit of a daredevil, a roadie for rock
bands, and prone to drinking and occasional rash behavior (e.g.,
with motorcycles). Now KC is nothing like that; he is calm, content,
and quiet. He knows his own, updated personality: when asked to
characterize himself, KC accurately describes his current rather
than pre-morbid personality traits (Tulving, 1993). He is most
unlike Clive Wearing, whose dramatic gestures and loud exclama-
tions suggest possible deficits in impulse control (Sacks, 2007;
Wearing, 2005). Individuals with episodic amnesia have varied
individual personalities, histories, and neuroanatomical profiles.
No study has documented an “amnesic” temperament.

To assess more formally KC's attitudes towards his past, present
and future, KC took the Zimbardo Temporal Perspective Inventory
(Zimbardo & Boyd, 1999), the data from which can be used to
represent one's personality along five dimensions: past positi-
vity, past negativity, present hedonism, present fatalism, and future
orientation. KC answers such questions without confusion; he under-
stands that he has a past, a present, and a future. He also has avowed
attitudes concerning how best to live his life in light of that under-
standing. Most importantly, KC scored in the first percentile (lower
than average) on measures of present hedonism and only slightly
higher for measures of present fatalism (Kwan et al., 2013). He scores
highest in positivity about his past and in his future orientation. In
sum, KCs conscious attitudes are not confined to the present.

5. Valuing the future

Does KC act in accordance with his temporal attitudes? In fact,
little is known about decision-making in people with hippocampal
amnesia. Measures of temporal discounting, the tendency to reduce
the apparent value of future rewards systematically with time until
the reward is received, provide a window on how time influences
KC's decisions (see Fig. 3; Green & Myerson, 2004). If KC is trapped in
the present, he should discount future rewards much more steeply
than controls (Lebreton et al., 2013; Peters & Büchel, 2010; Boyer,
2008). If KC lives in a “permanent non-time” (Dalla Barba & La Corte,
2013), KC should ignore time and choose the largest value.

KC's temporal discounting curves, shown in Fig. 2, are well
within the control range (Kwan et al., 2012, 2013). These curves
demonstrate that KC is willing to trade a smaller sooner reward for
a larger later reward. That KC produces a time-discounting curve at
all shows that episodic memory is not required for one to invest
the future with value. That KC's discounting curve is statistically
indistinguishable from age-matched controls fails to support even
the more modest hypothesis that episodic memory critically
modulates the value of future rewards.

6. Anticipating regret

KC understands that he might someday regret his actions:

SR: What does it mean to regret something?

Fig. 2. Timelines of personal events that took place over a 20-year span in KC's life,
from 1960 (when he was 9 years old) until 1981 (the year of his motorcycle
accident). Other than a few events that were relatively unfamiliar, KC placed 10 of
15 personal events (indicated by tick marks) in the correct temporal sequence. Four
of the misplaced events were unknown to KC (three accidents resulting in loss of
consciousness and the time when he permed his hair). For the other misplaced
event, Expo 67, KC disregarded the other events and focused on representing the
year 1967 on the timeline. The events that were placed accurately were repre-
sented closer to each other and to the present than they actually occurred.

Fig. 3. Delay discounting curves for KC involving rewards of $100 (green) or $2000
(yellow) discounted over ten years. Corresponding control values (n�18) are
shown in dotted lines. Also represented are predictions of alternative models: that
KC will discount more steeply than controls (blue curve), and that he will always
choose the larger reward (red line). (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)
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KC: Something you don't like doing or wish that you
hadn't done.
SR: Can you name some things a person might regret?
KC: If someone lost a large sum of money.
SR: Do you have any regrets?
KC: I don't think so.
SR: What do you regret most about your life?
KC: Nothing – I can't think of anything.
SR: What are some things a person might do if they feel
regretful about something?
KC: Try to make it right.
SR: What kinds of things might they do that would show you
they are feeling regret?
KC: You could tell by their tone of voice.
SR: Do you know Richard Nixon?
KC: Yes.
SR: Do you think he/she has any regrets in life?
KC: I don't think so.
SR: Do you think your mother has regrets?
KC: No.
SR: What are some things that they might regret?
KC: Nothing.
SR: Can you describe how these people feel “inside”?
KC: Mad at themselves.

Regret is a temporally complex emotion, involving imagined
future attitudes of the self toward short-term actions that
have bad intermediate consequences. Yet KC's command of the
semantics of regret persists despite his inability to generate a
single instance of regret for himself or for near and distant others.

KC's decision-making also shows some evidence of responsiveness
to the possibility of future regret. In the Allais paradox, healthy
subjects regularly violate the axioms of decision-theory by changing
their preferences for the same unit of reward when one of the
probabilistic options has a probability in the neighborhood of certainty
(Kahneman & Tversky, 1979; Allais, 1953). According to the anticipated
regret hypothesis, Allaisian preferences are rational and reflect the
value of the anticipated regret resulting from having declined the sure
thing for an objectively preferable option. If KC lacks temporal
consciousness and is trapped in the present, he should be immune
to Allaisian behavior. Yet KC is as susceptible to the Allais effect as are
controls (Craver et al., in press).

7. Conclusion

Despite his complete inability to remember past personal
experiences and to episodically imagine future experiences, KC
maintains semantic knowledge of the A-series and the B-series
and can locate his life within each. He disavows hedonistic and
fatalistic attitudes. He invests the future with value, comparably to
controls. He will wait for a later reward, but only if it is big enough.
Finally, KC makes decisions consistent with his sensitivity to
possible future regret. It is clearly a stretch to claim that KC lacks
temporal consciousness generally.

These findings are especially significant given that KC's episodic
memory deficit is the most, or one of the most, severe episodic
memory deficits on record, affecting memories across his entire life.
That said, many of the findings reported here have been corroborated
in other, less severe cases of episodic amnesia. The case DB, for
example, can answer semantic questions about the A-series and B-
series and can speak meaningfully about the generic, known future
(Klein, 2013). Additional cases DG, DA, and HC all score on the low end
or below the levels of age-matched controls on ZPTI measures of
hedonism and fatalism and perform indistinguishably from controls
on measures of inter-temporal choice (Kwan et al., 2013). Findings in

these and other case studies increasingly suggest that such individuals
suffer from a deficit in imagination or scene construction that is in
many ways independent of the ability to locate events in the past or
the future. For example, they have profound deficits in imagining
scenes [Hassabis et al., 2007] and retelling semantic narratives
[Rosebaum et al., 2005, Rosenbaum, Gilboa, Levine, Winocur, &
Moscovitch, 2009; see also Verafallie submitted].

Of course, everybody is trapped in the present. “Mental time
travel” and “temporal consciousness” are terse descriptions of
work performed by many different cognitive systems that allow
humans to deal with time. Because KC neither remembers his
personal experiences nor episodically constructs future events, he
lacks some tools for orienting in time. Yet it invites semantic drift
to claim that KC lacks temporal consciousness or is bound to the
present. KC is not stuck in time.

Box 1–The hippocampus: is time of the essence?

Decades of neuropsychological research question the hy-
pothesis that the hippocampus is a time machine or an organ
of temporal consciousness (cf. Eichenbaum, 2013; Hassabis
et al., 2007; Kwan et al., 2012, 2013; Tulving, 2002; Dalla Barba
& La Corte, 2013; Suddendorf & Corballis, 2007). Brenda
Milners early work with the famous amnesic case H.M.
inspired the standard consolidation view that the hippocam-
pus is required for the encoding and temporary maintenance
of new declarative (consciously accessible) memories
(Scoville & Milner, 1957; Squire, 1992). Other influential
theories have viewed this structure as serving a more
specialized role in representing spatial relations among
objects contained within environments (OKeefe & Nadel,
1978; Bird & Burgess, 2008), episodic memories of personal
experiences (Nadel & Moscovitch, 1997), and relational
memories more generally (Cohen & Eichenbaum, 1993).
Temporal organization of memory, in contrast, has been a
prominent feature of theories of frontal lobe function,
supported by separate neuropsychological studies by
Milner, Petrides, and Smith (1985). The recent discovery of
“time cells” in the hippocampus of rats (Eichenbaum, 2013)
and macaques (Naya & Suzuki, 2011), together with findings
of hippocampal involvement in future thinking and imagining
in humans (Addis et al., 2007; Klein et al., 2002; Kwan et al.,
2013; Tulving, 1985), gives promise to the idea that the
hippocampus is involved in structuring event details within a
temporal framework. However, there is parallel evidence of
non-mnemonic consequences of hippocampal damage that
affect some aspects of perception (Barense et al., 2012),
working memory (Rose et al., 2012), and semantic processing
(Race et al., 2013). Other research shows that not all types of
spatiotemporal sequencing, such as ordering premorbidly
learned landmarks along routes (Rosenbaum et al., 2000), or
future-regarding decisions, such as delay discounting (Kwan
et al., 2012, 2013), are affected by hippocampal damage.
These findings raise the possibility that the hippocampus
plays an associative role in relating or recombining details
that is not limited to representing time. It is likely that the
hippocampus is concerned with a more fundamental set of
processes that integrates personal time with spatial context,
perceptual details, and other elements that enable what is
experienced by humans as recollection and prospection.
What is needed is a more precise set of boundaries that
captures those aspects of time with which the hippocampus
is concerned, either on its own or within a network of brain
regions that includes the ventromedial prefrontal cortex.
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